Left ventricular (LV) dysfunction is the first cause of late mortality after mitral valve surgery. In this retrospective analysis, we studied the association between preoperative echocardiographic LV measures and occurrence of LV dysfunction after mitral valve repair (MVR).
Introduction
Mitral valve repair (MVR) is the standard of care for severe organic non-rheumatic mitral regurgitation (MR).
1,2 MVR has excellent long-term results and is associated with lower operative mortality and better long-term survival than valve replacement. 3 -5 Guidelines recommend surgery, preferably MVR, for patients with severe organic MR and severe symptoms or overt left ventricular (LV) dysfunction. 1, 2 However, operated patients may still present high rates of adverse cardiac events after successful surgery. 6 -8 Restoration of life expectancy after MVR is therefore based on early identification of patients at high risk under conservative treatment.
Patients with severe MR and overt preoperative LV dysfunction have increased post-operative mortality. 7 Chronic volume overload induces progressive LV dysfunction which initially may be concealed behind a normal ejection fraction (EF). 7, 9 Thus, elimination of volume overload after surgery may generate further post-operative reduction in EF, 10, 11 which is generally thought to be lower with MVR compared with valve replacement. 12 Therefore, the best predictors of post-operative LV dysfunction are still subject of debate. 13 -15 Preoperative EF and LV end-systolic diameter (ESD) have been previously reported as predictors of postoperative LV dysfunction in surgical series that were small 9, 10, 16 or composed entirely or partially of mitral valve replacement. 7, 9, 10, 13, 15, 16 Moreover, preoperative EF and LVESD cut-off values for the prediction of post-operative LV dysfunction are not well defined.
In this single-centre study, we used our consecutive experience with MVR for severe MR due to leaflet prolapse to identify a subset of patients with low occurrence of post-operative LV dysfunction based on preoperative echocardiography measures. We hypothesized that preoperative EF and LVESD have additive effect and allow good prediction of post-operative LV dysfunction.
Methods

Study design and data collection
Between 1 January 1991 and 31 December 2009, 335 patients underwent MVR for organic MR due to leaflet prolapse at our institution (Department of Cardiac Surgery, University Hospital Amiens, France). This study included all consecutive patients who underwent MVR for MR due to leaflet prolapse and had complete pre-and postoperative echocardiographic evaluation. Preoperative echocardiography was defined as echocardiography performed ,3 months before surgery and post-operative echocardiography as echocardiography performed 9 -12 months after surgery. Therefore, patients who died at surgery (n ¼ 9) and patients who died after hospital discharge, before the assessment of post-operative EF (n ¼ 2), were not included.
Exclusion criteria were: (1) valve leakage caused by ischaemic heart disease or dilated cardiomyopathy, rheumatic heart disease, active infective endocarditis, congenital heart disease; (2) previous cardiac surgery; (3) concomitant aortic valve or aortic root surgery; (4) patients with history of myocardial infarction or recent acute coronary syndromes; and (5) patients with missing pre-/post-operative EF or LVESD data (n ¼ 21). We kept in the analysis patients who had associated coronary artery bypass graft surgery, tricuspid annuloplasty, and tricuspid valve plasty.
Three hundred and three patients met the study's selection criteria and represented the study population. During the study period, 30 patients had mitral valve replacement for severe MR due to leaflet prolapse at our institution.
Baseline clinical characteristics, comorbidity, symptoms, and operative data were collected from patients' medical records. The standard EuroSCORE was calculated retrospectively for each patient using the calculator available online at www.euroscore.org. 17 Atrial fibrillation (AF) at baseline was determined by electrocardiogram. We obtained institutional review board authorization prior to conducting the study. The study was conducted in accordance with institutional policies, national legal requirements, and the revised Helsinki declaration.
Echocardiography
All patients had baseline and post-operative Dopplerechocardiography using commercially available ultrasound systems. Time between preoperative echocardiography and surgery was 25 + 14 days. Post-operative echocardiography was performed at 10.8 (9.1 -12.0) months after surgery. Diagnoses of leaflet prolapse and flail leaflets were identified according to the recommended criteria. 18, 19 LV dimensions were assessed from parasternal long-axis views by two-dimensional (2D)-guided M-mode using the leading edge methodology at end-diastole and end-systole. EF and left atrium diameter measurements were guided by 2D echocardiography. 8, 20, 21 
Surgical procedures
The most frequently observed valve lesion was posterior leaflet prolapse in the middle scallop caused by chordal elongation or rupture. Most cases of posterior leaflet prolapse were treated by triangular or quadrangular leaflet resection with suture repair of the involved portion of the posterior leaflet and prosthetic ring remodelling annuloplasty. Chordal shortening or transfer with annuloplasty was used for anterior leaflet prolapse. In the second decade of the study, we frequently used insertion of artificial Gore-Tex neochordae associated with ring annuloplasty. 25 Twelve per cent of patients (n ¼ 36) had associated coronary artery bypass graft surgery.
End-points and follow-up
The end-point of the study was the occurrence of post-operative LV dysfunction. Post-operative LV dysfunction was identified when postoperative EF was ,50%. 13 We also analysed the prognostic value of post-operative LV dysfunction during follow-up, after the postoperative echocardiography. Cardiac events during follow-up were defined as cardiac death, hospitalization due to heart failure, MR ≥ moderate at follow-up, and redo cardiac surgery. Cardiac death was death due to LV dysfunction or sudden death. Mean overall duration of follow-up was 8.2 years. During follow-up, patients were monitored by their personal general practitioners or cardiologists. Events were ascertained by review of medical records, clinical interviews or by telephone calls to physicians, patients, and (if necessary) next of kin. Autopsy records and death certificates were consulted for attribution of causes of death.
Statistical analysis
Continuous variables were tested for normal distribution using the Kolmogorov-Smirnov test. Variables not normally distributed were expressed as median (interquartile range). Normally distributed continuous variables were expressed as the mean + 1 SD. Categorical variables were summarized as frequency percentages and absolute numbers. The comparison of continuous variables between patients with and without post-operative LV dysfunction was carried out using the Mann-Whitney U-test. Frequencies of categorical variables were compared with the x 2 test or Fisher's test, as appropriate. Receiver operating characteristic (ROC) curve analysis was used to identify the best cut-off values for preoperative EF and preoperative LVESD for predicting post-operative LV dysfunction. A new combined ordinal variable LVESD-EF was created to take into account the presence of one or both of the two preoperative echocardiographic parameters (EF and LVESD) according to the identified cut-off values. The relationship of baseline variables with the occurrence of post-operative LV Predicting LV dysfunction after valve repair for MR due to leaflet prolapse dysfunction was assessed using univariate and multivariable logistic regression analysis. An epidemiological approach was taken and factors thought to be important for the endpoints were entered in multivariable analyses: age, gender, New York Heart Association (NYHA) class, EuroSCORE, baseline AF, preoperative EF, preoperative LVESD, decade of surgery, and extracorporeal circulation time. Euro-SCORE and extracorporeal circulation time were normalized by log 10 transformation. The combined ordinal variable LVESD-EF was the last that was added to the multivariable regression model to assess its incremental predictive power. Model discrimination was assessed with ROC analysis by computing the area under the ROC curve (AUC). Comparisons between ROC curves were based on the method of Hanley and McNeil. 26 Calibration of the model was tested with the Hosmer -Lemeshow test. Overall model performance was also assessed with the likelihood ratio. The likelihood ratio indicates the degree to which the pretest probability of an event is altered by information provided by a predictive model. The higher the model likelihood ratio, the greater the probability of accurately predicting events. Multivariable analysis of time to events according to post-operative EF was performed using a Cox proportional hazards model. Patients who died of non-cardiac causes were censored as non-events at the time of death. The proportional hazards assumption was confirmed using statistics and graphs based on the Schoenfeld residuals. A significance level of 0.05 (two-sided) was assumed for all statistical tests. Data were analysed with SPSS 13.0 (SPSS Inc., Chicago, IL, USA) and STATA (version 10, StataCorp LP, College Station, TX, USA).
Results
Baseline characteristics and surgery
Characteristics of the study population, overall and according to post-operative LV dysfunction, are presented in Table 1 . Mean age was 65 years and 70% (n ¼ 212) of patients were men. Symptoms were observed at baseline in more than 85% of the population and 22% (n ¼ 67) were in AF. A history of angina was present in only 3% of patients (n ¼ 9) and no patient had previous myocardial infarction. MR was severe in 91% of patients (n ¼ 276) and moderate to severe in 9% of patients (n ¼ 27). Mean preoperative EF and LVESD were 68 + 9% and 37 + 7 mm, respectively. EF was assessed using the Simpson method in 266 patients (88%) and by visual estimation in 37 (12%). Angiotensin-converting enzyme inhibitors, b-blockers, and diuretics were prescribed in 178 (59%), 77 (25%), and 84 (27%) patients, respectively.
Patients with post-operative LV dysfunction had a significantly higher frequency of AF on baseline electrocardiogram than those with post-operative EF ≥50% but no difference in EuroSCORE or preoperative NYHA class ( Table 1) .
Posterior leaflet prolapse was the most frequent valvular abnormality (65% of patients, n ¼ 196). Ten per cent of patients (n ¼ 29) had anterior leaflet prolapse and 25% (n ¼ 78) prolapse of both leaflets. Patients with isolated posterior leaflet prolapse (65%) had leaflet resection with suture repair and prosthetic ring annuloplasty, while more complex techniques (chordal shortening, transfer, and use of neo-chordae) were used for anterior and bivalvular prolapse (35%). Ring annuloplasty was used in 94% of patients (n ¼ 285). Patients who underwent surgery in the 2000s had more often post-operative EF ≥50% ( Table 1) .
Changes in ejection fraction and left ventricular dimension
EF decreased significantly after surgery compared with preoperative EF (59 + 10 vs. 68 + 9%; P , 0.001). This was due to an important reduction in LV end-diastolic diameter (53 + 7 vs. 61 + 7 mm; P , 0.001) with a small but not significant reduction in LVESD (36 + 17 vs. 38 + 8 mm; P ¼ 0.12). Left atrial diameter and systolic pulmonary artery pressure decreased significantly compared with preoperative values (44.1 + 7.8 vs. 49.6 + 9.0, P , 0.001 and 32.8 + 8.1 vs. 47.1 + 14.0, P , 0.001, respectively) due to correction of volume overload. Compared with patients with post-operative EF ≥50%, those with post-operative LV dysfunction had lower preoperative EF (P ¼ 0.003, Table 1 and Figure 1A ) and greater LVESD (P ¼ 0.002, Table 1 and Figure 1B ) and LV end-diastolic diameter (P ¼ 0.025, Table 1 ). The correlations between preoperative EF and post-operative EF and between preoperative LVESD and post-operative EF are displayed in Figure 2A To examine whether preoperative EF and preoperative LVESD allow identification of a high-risk subgroup of patients, these two variables were dichotomized according to the optimal cut-off values for prediction of post-operative LV dysfunction as identified by ROC analysis. These cut-off values were 64% for preoperative EF ( Figure 3A) and 37 mm for preoperative LVESD ( Figure 3B) . Results of the multivariable logistic regression that included age, gender, NYHA class, EuroSCORE, baseline AF, decade of surgery, and extracorporeal circulation time as covariates are presented in Table 2 (Model 1). To further elucidate the incremental value of echocardiography variables, we used two combined ordinal variables that were added into multivariable logistic models on the top of variables in Model 1. The first variable took into account the presence of either preoperative EF ,64% or preoperative LVESD ≥37 mm (Model 2), and the second one combined preoperative EF ,64% and preoperative LVESD ≥37 mm (Model 3). When added to Model 1, the variable LVEF , 64% or LVESD ≥ 37 mm was an independent predictor of post-operative LV dysfunction [OR: 2.63 (1.29-5.40); P ¼ 0.008] and added incremental value to the model (Model 2, The frequency of post-operative LV dysfunction was 23% when preoperative EF was ,64% and 20% when preoperative LVESD was ≥37 mm. On the basis of the combined analysis, the occurrence of post-operative LV dysfunction was 9% when EF was ≥64% and LVESD ,37 mm, 21% with EF ,64% or LVESD ≥37 mm, and 33% with EF ,64% and LVESD ≥37 mm (P for trend ,0.001; Figure 4) .
In the 147 patients without overt symptoms at baseline (NYHA classes I and II), the combined variable LVEF , 64% and LVESD ≥ 37 mm was still associated with increased risk of post-operative LV dysfunction [OR: 2.66 (0.98-8.75); P ¼ 0.06], although the statistical significance of the relationship was borderline.
Seventy deaths occurred during a median follow-up 8.2 (4.9 -11.1) years. Twenty-nine deaths (41%) were of cardiac causes. There were 27 hospital admissions for heart failure. Residual or new-onset MR ≥ moderate was identified at follow-up in 55 patients (18.2%). MR was severe in 5 patients (1.7%), moderate to severe in 9 (3%) and mild to moderate in 41 (13.5%). Nineteen patients (6.3%) underwent redo cardiac surgery during follow-up (14 for significant MR, 3 for infective endocarditis, and 2 for coronary artery disease). Post-operative LV dysfunction was associated with more than 2.5-fold increase in the risk of cardiac death or heart failure during follow-up [hazard ratio (HR) 2.67 (1.41-5.08); P ¼ 0.003; Figure 5 ]. Patients with postoperative EF ,50% also had higher risk of cardiac events (cardiac death, hospitalization due to heart failure, residual or newonset MR ≥ moderate, and redo cardiac surgery) during follow-up [HR: 1.91 (1.10-3.37); P ¼ 0.027].
Discussion
Our findings show that classical echocardiography LV measures performed preoperatively are associated with LV dysfunction after MVR for MR due to leaflet prolapse. Post-operative LV dysfunction is observed in 16% of patients who undergo MVR and negatively affects long-term prognosis. We demonstrate the additive value of preoperative LVESD to preoperative EF for the prediction of post-operative EF ,50%. Patients with preoperative EF ≥64% and LVESD ,37 mm represent a group at relatively low risk of post-operative LV dysfunction. Conversely, with preoperative EF ,64% and LVESD ≥37 mm, the frequency of LV dysfunction after MVR is high (33%). The natural history of chronic MR is characterized in its early stages by a compensated phase followed by a progressive remodelling leading to irreversible LV dysfunction. Progressive impairment in LV contractility is initially compensated by modified loading conditions and EF is kept in the normal range for a long time. Low EF (,50%) usually implies irreversible LV dysfunction and carries a grim prognosis. 27 Surgical correction of chronic MR in a timely manner should theoretically restore normal LV function and life expectancy. Current guidelines recommend surgery, preferably MVR, for patients with severe organic MR and severe symptoms or overt LV dysfunction. 1,2 However, operated patients may still present high rates of adverse cardiac events after successful surgery. This is mainly due to irreversible structural and functional LV remodelling secondary to chronic volume overload. Early postoperative LV dysfunction was associated with excess long-term mortality in a series of patients who underwent valve repair or replacement in the 1980s for organic MR of different aetiologies, including ischaemic MR. 13 In our series of patients with MVR for leaflet prolapse, post-operative LV dysfunction was associated with more than 2.5-fold increase in the risk of cardiac death or heart failure during long-term follow-up. Elimination of volume overload after surgery may sometimes generate further 10 -15% early reduction in EF, 10, 11 which is generally thought to be lower with MVR compared with valve replacement. 12 After this initial decline, in most patients, EF shows a sustained improvement during the months following surgery. 15 Therefore, we performed post-operative echocardiography at 9-12 months after surgery because EF may improve after the early post-operative period. In the present series, EF and LV end-diastolic diameter decreased significantly after MVR, while changes in LVESD were not significant. These results are in accordance with previous studies reporting EF decline 15, 28 and LV end-diastolic diameter 15 reduction after MVR. EF , 60% and LVESD ≥ 40 mm are associated with excess mortality under medical management and after mitral surgery in organic MR. 7, 8, 27 The prediction of post-operative LV dysfunction using preoperative parameters of LV size and function was previously studied in surgical series that were small 9, 10, 16 or composed entirely or partially of mitral valve replacement. 7,9,10,13,15,16 Lee et al. 29 reported increased risk of LV dysfunction after mitral surgery (replacement or repair) with preoperative EF ,40%. Japanese patients in the series by Matsumura et al. 14 had increased risk of LV dysfunction after MVR when preoperative EF was ,55% and preoperative LVESD was ≥40 mm. In a cohort of patients undergoing mitral surgery for MR caused by leaflet prolapse, EF recovery detected by echocardiography at 2.9 + 3.9 years post-operatively was predicted by a preoperative EF ≥65% and an LVESD ,36 mm. 15 We undertook an analysis of post-operative EF at a definite time point after surgery in a homogenous cohort of patients who underwent MVR for severe MR due to leaflet prolapse. Thus, we tried to eliminate bias associated with MR aetiology, surgical techniques (repair vs. replacement), and early post-operative EF recovery over time. Cut-off values for preoperative EF and preoperative LVESD were tested in logistic models, and the incremental value of each parameter was assessed. The frequency of LV dysfunction was high in patients with preoperative EF ,64% and LVESD ≥37 mm, intermediate in patients presenting one of these two features, and low in patients with EF ≥64% and LVESD ,37 mm. The combined analysis suggests that best preservation of LV function is achieved when MVR is performed before these thresholds are reached. However, some patients with 'normal' preoperative LV size and EF may still develop postoperative LV dysfunction, illustrating the limits of classical preoperative echo measures of LV size and function to predict post-operative LV dysfunction. MVR is currently the procedure of choice for the treatment of organic MR. This approach is supported by the low-risk and excellent long-term results of valve repair. The sustained improvement of surgical techniques and post-operative intensive care has lead to a dramatic reduction of operative risk. Under these circumstances, an optimal post-operative result in terms of LV function and survival is closely related to prompt preoperative identification of subgroups of patients at high risk. The 64% and 37 mm thresholds for preoperative EF and, respectively, preoperative LVESD allow relatively good prediction of LV dysfunction after MVR and might be considered for clinical decision-making.
This study was a retrospective analysis of patient record and therefore had the inherent limitations of such analyses. Quantitation of MR was not available in all patients and therefore not included in the multivariable analyses. The visual method for EF assessment used in some patients has probably insufficient precision considering the proposed cut-off value (64%) for preoperative EF. The present study included a significant number of symptomatic patients and therefore our findings cannot be extrapolated to suggest earlier surgery in asymptomatic patients with severe organic MR. From a clinical point of view, we acknowledge that there is an overlap of values and standard deviations of preoperative EF and preoperative LVESD between the two groups (with and without post-operative LV dysfunction), limiting the application of the proposed cut-off values in the case of the single patient. Finally, newer estimates of LV function (2D strain) were not available in this population and therefore, not investigated.
Conclusion
Our study demonstrates that simple preoperative echocardiography measures allow prediction of LV dysfunction after MVR for MR due to leaflet prolapse. Preoperative EF and preoperative LVESD are equally important and have additive value for the prediction of post-operative LV dysfunction. The lowest frequency of post-operative LV dysfunction was observed in patients with preoperative EF ≥64% and preoperative LVESD ,37 mm. These findings stress out the importance of echocardiography for preoperative LV function quantification and need to be confirmed by further studies conducted in asymptomatic patients with severe organic MR.
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